The health benefits of regular physical activity are well known and include the prevention of chronic diseases such as obesity, type 2 diabetes, and cardiovascular diseases. Still, only 20% of U.S. adults report meeting the Physical Activity Guidelines for Americans. With approximately 43% of U.S. jobs considered sedentary, there is a need for effective workplace physical activity interventions. MapTrek is a mobile health game designed to increase daily physical activity in a low-cost, scalable, and enjoyable way. The purpose of the present study was to test the efficacy of MapTrek for increasing daily steps and moderate-intensity steps over 10 weeks in a sample of sedentary office workers. Participants included 144 full-time sedentary office workers ages 21-65 who reported sitting at least 75% of their workday. Each participant received a Fitbit Zip to wear daily throughout the intervention. Participants were randomized to either a: 1) Fitbit only group or 2) Fitbit + MapTrek group. Physical activity outcomes and intervention compliance were measured with the Fitbit activity monitor. The Fitbit +
interventions aimed at increasing daily physical activity leave something to be desired.
MapTrek is a mobile health game designed to increase daily physical activity in a fun, low-cost, and scalable way. The purpose of this study was to test MapTrek's ability to increase daily physical activity over 10 weeks in a group of sedentary office workers.
A total of 144 full-time sedentary office workers ages 21-65, who reported sitting at least 75% of their workday were enrolled in this study. Each participant was given a Fitbit Zip to wear daily throughout the intervention. Participants were randomized to either a 1) Fitbit only group or 2) Fitbit + MapTrek group. Daily steps and adherence to the intervention were measured with the Fitbit activity monitor. Results showed the Fitbit + MapTrek group significantly increased daily steps (+2,091.5 steps/day) and active minutes (+11.2 minutes/day) compared to the Fitbit only group. These data indicate
MapTrek increased daily physical activity in our sample. Future studies are needed to confirm these findings in other populations. (Blair et al., 1989; Paffenbarger et al., 1986; Warburton et al., 2006; Lee, 2003; Lee et al., 2012) . These benefits of physical activity are apparent independent of weight status (Warburton et al., 2006 (Church et al., 2011) , and with evidence to suggest office workers do not compensate for physical activity outside of work, there is a need for interventions that promote lifestyle physical activity over the course of the entire day for improved health and reduction of disease risk (Clemes et al., 2014) .
Historically, worksite programs have suffered from high drop-out rates and have been largely unsuccessful for promoting sustained behavior changes (Conn et al., 2009) .
The most common self-reported barriers to engaging in structured exercise include lack of time, lack of motivation, inconvenience, and not finding exercise to be enjoyable (Sallis & Hovell, 1990; Salmon, Owen, Crawford, Bauman, & Sallis, 2003) .
Interestingly, the most common barriers workers report for not participating in worksite wellness programs include time limitations, inconvenient locations, and insufficient incentives (Person, Colby, Bulova, & Eubanks, 2010) . Additionally, in the case of employees with sedentary jobs, structured exercise programs also fail to address the large portion of the day in which employees are sedentary. Face-to-face interventions have been shown to be effective for increasing physical activity levels (Richards et al., 2013) MapTrek is a mobile health game that was designed to be a low-cost, fun, scalable intervention to encourage people to walk more daily steps (see Figures A.1-A.5).
MapTrek leverages existing technology provided by Google Maps and Fitbit to enter users into weekly walking challenges. By wearing a Fitbit every day, the user's activity progress is tracked and used to move the user's game avatar along the walking path which is viewable in Google Maps. MapTrek was developed by our team and has not yet been tested for efficacy.
The purpose of the present study was to test the efficacy of a MapTrek group for increasing the number of daily steps taken compared to a control group in a sample of sedentary office workers over 10 weeks. We hypothesized the MapTrek group would increase both daily steps and the total number of active minutes (minutes with 100+ steps) compared to a non-MapTrek control group.
CHAPTER 2: METHODS
The MapTrek study was a prospective, randomized controlled trial of a mhealth intervention designed to increase the number of daily steps taken in a sample of adults working in sedentary jobs.
Participants and Recruitment
We recruited full-time employees working at the University of Iowa via a mass email sent out to all university staff and employees. Eligible participants were 21 to 65 years of age and working full-time (at least 35 hours/week) in a desk-dependent job (selfreport sitting at least 75% of work day). Exclusion criteria included pregnancy, prisoner status, and any contraindications to engaging in regular physical activity as identified by the Physical Activity Readiness Questionnaire (PAR-Q) (Cardinal, Esters, & Cardinal, 1996) . Eligibility was determined via an online eligibility screening questionnaire administered via Qualtrics. All protocols were previously approved by the Human Subjects Office Institutional Review Boards.
A total of 784 people completed the screening survey, of which 653 were identified as eligible (Figure A.6) . Interested participants were contacted in order of eligibility survey completion to attend an in-person baseline orientation visit. Upon arrival, participants were explained the study, provided a chance to ask questions, and were then asked to sign an informed consent. A total of 146 participants were found eligible and enrolled in the study. Following consent, all baseline measures were collected. Next, participants were randomized to one of two groups: 1) a Fitbit only group (n=73); or 2) a Fitbit + MapTrek group (n=73). All baseline visits were conducted in September of 2016. A total of 144 people completed the study (n=72 for each group).
Fitbit Only Control Group
Participants randomized to the Fitbit only group received a Fitbit Zip activity monitor to track their daily steps over the course of the intervention. 
Fitbit + MapTrek Intervention Group
Participants randomized to the MapTrek arm received the same Fitbit Zip and assistance setting up their Fitbit account as the Fitbit only group. They were also provided access to a mhealth game developed by our team (MapTrek). Participants were provided instructions on how to play MapTrek. MapTrek sent user's automatic text message reminders throughout the intervention in the event that they did not wear their This constant display was developed to promote self-monitoring of physical activity behavior which is a construct of the Social Cognitive Theory and has been repeatedly shown to be an important predictor of physical activity adoption (Bandura, 1989 (Bandura, , 2004 Dzewaltowski, 1994) .
Each day, participants received a text message tailored to the individual's activity level and progress along the route. The daily messages informed the user of his or her place in the game, average daily steps, and a daily activity challenge (if implemented).
The daily challenges messages were designed to add a fun and motivational aspect to the game, offering bonus steps if the participant chose to accept and met the challenge.
Step challenges were determined by the user's typical daily physical activity behaviors.
Typically, a 20% increase in steps was implemented with a minimum of 1500 steps. For example, if a participant averaged around 8,000 steps per day the previous week, the daily challenge on Monday may be to take 9,600 steps. If the participant met the goal they were rewarded with a pre-determined number of bonus steps (e.g., +500 steps).
However, if the participant did not meet the goal, the participant had a predetermined amount deducted from his or her daily steps (e.g., -500 steps). This game feature was implemented based on previous research on theory which suggests people are more likely to engage in a challenge if they believe they have a realistic chance of receiving a payoff (Atkinson, 1957; Martinez, Flock, Gaffié, & Villejoubert, 2011 Participants were also able to view and track their virtual progress along the route via Google Maps and the daily link sent via text which is also consistent with the theoretical construct of self-monitoring (Bandura, 1989 (Bandura, , 2004 . Upon syncing the Fitbit to their smartphone and refreshing the MapTrek screen, participants could view their own personal updated data and progress. Participant's raw daily step counts (sans bonus steps)
were also viewable in real-time by the research team via the Fitbit API.
Measures
At baseline, height was measured to the nearest 0.5 cm using a professional-grade height rod (Seca 769, Hanover, MD). Weight, fat mass, lean mass, and body composition were measured using a multi-frequency bioelectrical impedance analyzer (InBody 720, BioSpace Inc., Cerritos, CA Welk, 2014; Tully, McBride, Heron, & Hunter, 2014) . When compared to the previously validated waist-worn ActiGraph GTX3 accelerometer (Lee, Williams, Brown, & Laurson, 2015) in free-living settings, the Fitbit Zip step counts were found to be highly correlated with ActiGraph, though Fitbit Zips tend to slightly overestimate step counts and energy expenditures (Schneider & Chau, 2016) . In a 2016 study by Schneider and Chau, three different cohorts of adolescents (N=25, 35, 37) showed high significant between monitor correlation values (r=0.72, 0.92, 0.96; p<0.001 for all) when Fitbit Zips and ActiGraph monitors were worn simultaneously for 1-week in free-living conditions (Schneider & Chau, 2016 (Kooiman et al., 2015) . Additionally, the test-retest reliability for treadmill walking was observed at 0.90, considered be in the excellent category for intraclass correlation (>0.90) (Kooiman et al., 2015) . The units of measure derived from the Fitbit included average daily steps and daily active minutes which were defined as minutes with at least 100 steps/minute which has been previously identified as an appropriate cutoff for moderate-intensity physical activity (Rowe et al., 2011) . Compliance to the intervention was measured using Fitbits as well. Daily compliance was defined as having at least 20 minutes of Fitbit active wear-time for that given day.
Following the 10-week intervention, Fitbit + MapTrek participants were asked to also complete an additional process evaluation survey which asked about participant's likes, dislikes and thoughts for improving the game.
Statistical Analysis
Based on our previous work testing internet-delivered physical activity interventions for sedentary adults (Carr, Bartee, Dorozynski, Broomfield, Smith, & Smith, 2008) , we assumed the mean number of steps would increase by 1,000 steps/day in the Fitbit + MapTrek group compared to the Fitbit only group with a standard deviation of 2,500 for each group. Based on a two-sided, two-sample, t-test conducted at the 0.05 level of significance, 60 people were needed in each group (120 total participants) to achieve 80% power. Assuming a 20% drop out rate (30 participants), we aimed to recruit a total of 150 participants. Data analysis performed via linear mixed models provides a more conservative estimate of power than this calculation; thus this power calculation is highly conservative given our actual data analysis techniques.
After running a sensitivity analysis, we determined a total of 14,932 days of Fitbit activity data were recorded over the course of the study. Given this is a pilot study, we decided to include all physical activity data for all study days. We examined the possibility of adding a cutoff for minimum minutes of activity (minutes with at least 1 step registered) necessary to count as a true day. When applying a 20 minute/day cutoff, a total of 5,777 days (38.7% of the total sample) had fewer than 20 minutes of activity recorded. Of those 5,777 observations, 5470 days (94.7%) had no data (0 steps) recorded.
Of the remaining 307 days, the median number of recorded steps was 91 steps/day.
A two-sample t-test was used to compare between group demographic differences (age, BMI, height, weight, etc). Categorical data like gender, race, and education were coded in a binary fashion for simplicity. Two-sample t-tests were used to test between group differences on these data as well. A level of significance of 0.05 was used as a cutoff for significant differences in data.
The linear mixed effects model utilizing four models was used to analyze baseline and trend data throughout the study. Different intercepts and slopes were estimated for the group (Fitbit only or Fitbit + MapTrek) and phase of the study (baseline or intervention). The estimation was performed with a single model but with interactions between the phase and group variables as well as the time variable. As a result, there are four models "nested" in this larger single model. The condensed version of each of the four models is detailed in Table A .1 below. The intercept values (first term after the equals sign) in each equation indicate the median number of steps per group at the start of the phase. The decay rate (term 2) is the mean number of steps either gained or lost per day after the initiation of that portion of the study (baseline steps have own days and after the intervention the days start over; "Day 0" is the first day of the intervention). This term is therefore dependent on the day of the study as it is multiplied by the "Day" term.
Additionally, the confidence intervals for the linear mixed models were bootstrapped to give better estimates and avoid controversial calculations for confidence intervals and pvalues.
CHAPTER 3: RESULTS
A total of 145 participants were enrolled and completed the 10-week intervention (dropout n=1). Of those, 144 were included in data analysis. Participants were 76% female, 85% Non-Hispanic, 90% white and 84% college graduates (see Table A .2).
Randomization resulted in equal allocation to the Fitbit + MapTrek and Fitbit only arms (n=72 for both). There were no significant between group differences observed for the demographic data (see Table A .2). Throughout the course of the study, a total of 64
MapTrek games took place, with the group sizes ranging from 5 to 13 participants (Avg=10. A total of 72 MapTrek participants completed the post-intervention process evaluation survey and were included in the results. Of the MapTrek participants that completed the survey, 71% thought MapTrek was fun to play (24% "Strongly Agree", 47% "Agree"), 93% thought MapTrek was easy to play (39% "Strongly Agree", 54%
"Agree"), 78% said MapTrek motivated them to be more active (33% "Strongly Agree", 44% "Agree"), and 60% thought they could play MapTrek in their spare time (32% "Strongly Agree", 28% "Agree"). When asked if they felt more support to be physically active as a result of having access to MapTrek, 28% responded "Strongly Agree" and 43% responded "Agree" on a 5-point Likert Scale. 60% of participants responded either "Strongly Agree" (21%) or "Agree" (39%) when asked if they would like to continue to have access to MapTrek in the future. 86% reported MapTrek motivated them to keep wearing their Fitbit (51% "Strongly Agree", 35% "Agree"). See Figure A .9 for summarized process evaluation data.
Compliance to the intervention was estimated with a linear mixed effects model including random effects by subject and defined as wearing the Fitbit for at least 20 minutes in a day while moving (active wear-time). The Fitbit + MapTrek and Fitbit only groups wore the Fitbit monitors on 81.1% and 64.5% of all intervention days, respectively (p>0.0001). Compliance was significantly higher in the Fitbit + MapTrek arm than the Fitbit only arm after 3 weeks, with the Fitbit + MapTrek arm being 12.6% more likely to wear their Fitbit (95% CI: 4.0% to 21.5%). For each additional percentage
Discussion
The primary findings from this study suggest the MapTrek game was effective at initially increasing daily steps in a sample of sedentary office workers. The MapTrek game increased average raw daily steps by 2,091.5 steps/day compared to the Fitbit only group. A study by Welk, et al. suggests this daily step difference is roughly equivalent to walking an additional mile for adults (Welk, Differding, Thompson, Blair, Dzuira, & Hart, 2000) and could partially make up for the 100 kcal/day decline in occupational physical activity observed since 1960 (Ainsworth et al., 2011) . Importantly, increasing daily physical activity by 2,000 steps/day has been associated with a 10% relative reduction in long-term incidence of cardiovascular disease (Yates et al., 2014) and is thus a clinically significant increase in physical activity. Both groups were walking an average of 7,100 steps/day upon enrollment which would place them in the "low active" step indice based on the work of Tudor- . An increase of 2,000 steps/day would move most participants to the 'active' step indice. This is important given the greatest health benefits are achieved when moving from doing no activity to doing some activity (Blair & Connelly, 1996) .
The observed increase in active minutes for the Fitbit + MapTrek group is also important as it suggests participants were not just walking more but achieving higher levels of moderate intensity activity. Increasing daily active minutes by 11.2 minutes per day translates to 78 minutes per week, which is a little over half of the recommended Physical Activity Guidelines for Americans (ODPHP, 2008) . A 2011 study by Wen and colleagues found 416,175 adults in a low-activity group, obtaining on average 92 minutes (95% CI: 71-112 minutes) of aerobic physical activity per week saw a significant 14% reduction in all-cause mortality after 8 years (Wen et al., 2011) .
Our findings are consistent with previous mHealth interventions designed to increase physical activity. In the mActive study, a mHealth intervention using a Fitbug as an objective measure of physical activity assessed the effects of an mHealth intervention with texting compared to one without texting (Martin et al., 2015) . Martin and colleagues saw similar results for a daily text messages group significantly increasing physical activity levels of participants by 2,534 steps/day (95% CI 1,318 to 3,750, p<0.001) (Martin et al., 2015) . The mHealth intervention without text messaging, however, did not demonstrate significantly different activity levels compared to a control group that received no mHealth components. The authors concluded the texting aspect of the intervention was crucial for increasing daily activity (Martin et al., 2015) . It is notable this intervention was only five weeks in duration and was performed in a sample of individuals recruited form a cardiovascular disease rehabilitation center, a population much different than the sedentary office workers enrolled in our study (Martin et al., 2015) .
The use of the Fitbit combined with our innovative platform that utilizes the Fitbit API allowed us to measure steps on a daily and minute-by-minute basis which allowed for some novel examinations of trends in physical activity over the course of the intervention. For example, following the initial 2,000 step/day increase in daily steps, the
MapTrek group demonstrated a slow and progressive decay of daily steps over the course of the intervention. If the observed trends were to hold, we estimate it would take 152 days for the Fitbit + MapTrek group to return to the activity level of the controls (calculated by taking the difference in steps between groups at the start of the intervention (2039.6 steps/day) divided by the difference in decay rates between groups (13.4 steps/day)). Examining physical activity data on a daily basis is a major advance to the field as it allows researchers to identify participants at risk for decreasing their daily activity in near-real time. Given the observed overall decay rate in activity over the course of the intervention in this study, more research is needed to identify approaches effective at maintaining the initial gains in activity observed in the MapTrek group. There is also a need to identify factors that could predict poor compliance in the study and match those individuals with appropriate intervention "boosters". Some possibilities might include timing prompts. Just-in-time initiatives have been utilized with efforts to reduce sedentary behavior but possibly apply to increasing physical activity (Thomas & Bond, 2015) .
The granular level physical activity data collected in this study can also be used to identify unique patterns of physical activity completed over the course of a given day.
For example, MapTrek participants were 15.6% (95% CI: 6.5 to 24.8 percentage points) more likely to take lunchtime walks (at least 80 steps/minute taken between 12 pm and 1 pm) compared to the Fitbit only group. We can also examine bouts of sedentary behavior (consecutive minutes with zero steps recorded) on a minute by minute level. And in fact, the MapTrek group's longest sedentary bouts were 8.1 (95 % CI: -3.57 to -12.43) minutes shorter in duration than those observed in the Fitbit only group. This information provides further context on how physical activity and sedentary behavior patterns differed between these two groups. Future studies could use this data to further enhance the efficacy of the MapTrek intervention.
The compliance rates were significantly higher in the Fitbit + MapTrek arm than the Fitbit only arm which suggests the MapTrek game was successful at increasing Fitbit wear-time. However, this raises the question of whether the increased wear-time explained the observed difference in steps between the two groups. It is possible that more compliant participants are fundamentally different than less compliant participants and are just more active. We examined this issue and when accounting for percent compliance within the analysis, the effect of MapTrek was increased from 2,091.5 steps/day to 2,113.5 steps/day (95% CI: 1,003.2 to 3,210.9). Therefore, we believe this provides more confidence that the MapTrek intervention was effective at increasing physical activity in this study.
The data collected in the process evaluation survey suggest participants thought the game was fun and easy to play. Participants reported it also motivated them to be more active and wear their Fitbits more. While this information is promising, future studies of MapTrek should continue to evaluate participant's perceptions of the game as an approach to continually improve its quality.
This study had several limitations. Most notably, we experienced an event in this study that could have impacted the findings. During Week 6 of the intervention, a bug with our platform occurred that resulted in MapTrek participants receiving a high volume of text messages on a single day. Subsequently, the study was stopped for one week and then resumed once the bug was fixed. When examining the step data collected prior to the bug, the effect of MapTrek was 2,090.1 steps/day (95% CI: 1,019.4 to 3,133.4), compared to 2,091.5 steps/day (95% CI 1,009.4 to 3,184.6) when all data were used in analysis. Additionally, the difference of slopes between groups at Day 0 of the intervention was no longer significant when the data were restricted to pre-bug only.
Using all data, is therefore a more conservative approach, but does not ultimately affect the initial effect of MapTrek. Compared to other models, this model shows no difference in the initial effect, and is less conservative than the model chosen with respect to the slopes. Ultimately, the model chosen yields similar results to alternatives, which gives us confidence in our findings and conclusions. Other limitations to this study include the relatively short duration and a fairly homogenous sample. Participants were mostly White, non-Hispanic, middle-class women thus the generalizability of the findings are limited.
Though there were limitations, there were also many strengths. This study tested a novel intervention that combined an objective measure of physical activity with our innovative platform that allowed for near-real time monitoring of physical activity on a granular level. This is a major advance over previous studies that tend to measure physical activity during brief snapshots before and after an intervention. The MapTrek game also included many innovative game features based on sound theory. This study was appropriately powered to test the effect of the intervention (MapTrek) when compared to a control group (Fitbit only) . Additionally, the dropout rate for this study was very low (n=1).
Conclusions
These data suggest the mobile health MapTrek game yielded clinically significant increases in daily physical activity among a sample of sedentary office workers. With further research, this mobile health game could be introduced into other sedentary populations and for longer durations of time. 
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